Objective: Intraventricular reservoirs (IVRs) are used to drain cerebrospinal fluid (CSF) in neonates with post-hemorrhagic ventricular dilatation (PHVD). The objectives of this case-control study were to evaluate changes in CSF parameters in serial IVR taps and to compare CSF parameters in culture-positive and -negative specimens.
Introduction
Post-hemorrhagic ventricular dilatation (PHVD) is a major complication of intracranial hemorrhage in preterm infants resulting in significant morbidity and mortality in the neonatal period as well as neurodevelopmental delay later in life. [1] [2] [3] [4] [5] [6] Serial lumbar punctures and pharmacological agents such as acetazolamide and furosemide have been tried as treatment modalities to reduce intracranial pressure but the optimal management remains controversial. [7] [8] [9] Insertion of intraventricular reservoir (IVR) is frequently used as a temporary measure for drainage of cerebrospinal fluid (CSF) in infants with PHVD. [10] [11] [12] In most centers, CSF is tested for infection routinely at periodic intervals since IVR placement has been shown to increase the risk of infection. 13 The interpretation of CSF studies is difficult for clinicians, however, since some parameters may be altered merely by the presence of the IVR and blood in the ventricles. In such cases, which occur all too often, whether to treat and for how long becomes the dilemma for the clinician. There is paucity of data about the sensitivity and specificity of CSF parameters in diagnosing infection in the presence of PHVD and IVR.
14 As the clot resolves or hemorrhage improves and the inflammation associated with IVR placement abates, one would expect CSF parameters to change over time but this has never been evaluated in any study.
The aim of our study was twofold: first to evaluate changes in CSF parameters in serial taps over time and, second, to compare CSF parameters obtained from IVR taps in culture-proven meningitis/ventriculitis and culture-negative specimens.
Methods
Data were obtained on consecutive preterm (<34 weeks gestational age) infants admitted to Hutzel Women's Hospital Neonatal Intensive Care Unit who underwent IVR insertion for PHVD between 1998 and 2008. Infants with congenital hydrocephalus were excluded. Eligible infants were identified using the electronic discharge database with 'ventricular dilatation/hydrocephalus' and 'reservoir' as search words. The study and waiver of parental consent were approved by the Human Investigation Committee of Wayne State University. Maternal records were reviewed for maternal age, prenatal care, history of diabetes/pregnancy-induced hypertension, rupture of membranes >18 h, administration of antenatal steroids, histologic chorioamnionitis and mode of delivery. Information collected from infants' charts included gestational age, birth weight, gender, race, Apgar scores, history of respiratory distress syndrome as documented in chest radiographs, surfactant administration, age at diagnosis of intraventricular hemorrhage (IVH) and PHVD, and insertion of IVR, placement of shunt, cystic periventricular leukomalacia on a cranial ultrasound at 28 days of age or later, and seizures needing therapy at the time of discharge. The diagnosis of IVH and PHVD were based on the cranial ultrasound reports by the staff radiologist and IVH was classified using Papile's classification. 15 Results for CSF parameters on serial reservoir taps, which were performed at 5-to 8-day intervals, up to a maximum of 7 consecutive taps were collected. Information was also collected on concomitant (within 24 h before or after CSF tap) blood cultures. CSF specimens were considered positive for infection if organisms considered pathogenic by the clinical team were identified on CSF cultures obtained from IVR taps. Specimens in which cultures were positive for organisms considered contaminants and not treated by the clinical team were included in the culture-negative group for study analysis.
Statistical analysis
Descriptive statistics included median (range), mean (s.d.) and number (%) as appropriate. We used analysis of variance to compare CSF parameters in serial taps. CSF parameters were compared in the CSF culture-positive specimens and culturenegative specimens, using Student's t-test and w 2 test. Receiver operator characteristic curves were constructed for different parameter cut-off values to determine the areas under the curve (AUC). Statistical analyses were performed using SPSS version 15.0. (SPSS, Chicago, IL, USA) at an adopted significance level of <0.05.
Results
There were 55 infants who underwent IVR insertion between 1998 and 2008 in our institution. We excluded three infants with congenital hydrocephalus. The mean (±s.d.) maternal age was 27.6 ( ± 6.2) years. In all, 40 (76.9%) of the 52 mothers had received prenatal care. Antenatal steroids were administered to 34 (65.4%) mothers. Pregnancy-induced hypertension or chronic hypertension were diagnosed in four (7.7%) mothers and one (1.9%) mother had diabetes. Rupture of membranes for >18 h before delivery was noted in 15 (28.8%) cases and 23 (44.2%) were diagnosed with histological chorioamnionitis on placental pathology. The median (range) gestational age of our study cohort was 26 (23 to 33) weeks and the median (range) birth weight was 796 (450 to 1620) grams. Apgar scores ranged between 1 to 9 at 1 and 5 min after birth with a median of 3 at 1 min and 6 at 5 min. There were 43 (82.7%) black, 7 (13.5%) white and 2 (3.5%) infants from other racial groups. Thirty-five (67.3%) infants were delivered via cesarean section. All but one (51 infants or 98.1%) were diagnosed with respiratory distress syndrome and 47 (90.4%) received at least one dose of surfactant.
Severe IVH (grades III and IV) was diagnosed in 46 (88.4%) infants at a median (range) age of 4 (1 to 18) days. The remaining six infants had grade I or II IVH with subsequent late development of ventricular dilatation. The median (range) age at diagnosis of PHVD was 17 (6 to 67) days. IVR was inserted at a median age of 19 (7 to 68) days. Six (11.5%) infants died; 34 (65.4%) underwent shunt placement at a median (range) age of 74 (38 to 160) days. In this high-risk cohort, cystic periventricular leukomalacia was reported on the head ultrasound in 18 (34.6%) infants and 8 infants (15.4%) were discharged on anti-seizure medications.
Data were collected on 276 taps done serially at an interval of 5 to 8 days in 52 infants. Eight infants had positive CSF cultures on 13 occasions; five (9.6%) infants on 10 occasions had positive CSF cultures with organisms considered pathogenic and were treated. IVR was removed in four of the five infants, all of whom had more than one positive CSF culture. The organisms isolated from CSF culture included: Enterococcus fecalis in two infants, Staphylococcus capitis in one, methicillin resistant Stahylococcus aureus in one and Streptococcus mitis in one. Three CSF specimens in which Corynebacterium sp, Staphylococcus epidermidis and Mycoplasma hominis were isolated were considered contaminants by the clinical team and not treated. Blood cultures were done concomitantly (within 24 h before or after the CSF specimen) on 105 occasions, of which 24 (23%) were positive. Four infants had simultaneously positive blood and CSF cultures. The neonate with CSF infection with Mycoplasma had a simultaneous positive respiratory culture but negative blood culture. Table 1 shows CSF parameters at the time of diagnosis of infection in culture-positive specimens.
We evaluated CSF parameters in serial taps, using only culture-negative (N ¼ 266) specimens. The first tap was performed on all infants on the day of insertion of IVR, mean durations after IVR insertion at which subsequent IVR taps were performed were 6, 13, 20, 28, 33 and 39 days for second to seventh tap, respectively. There was a significant decrease in the percentage of neutrophils in the fourth (mean difference 18%, P ¼ 0.02), fifth (mean difference 22%, P ¼ 0.0001) sixth (mean difference 24%, P ¼ 0.0001) and seventh (mean difference 27%, P ¼ 0.0001) taps, compared with the first tap on the day of insertion of IVR. Similarly, a significant decrease was observed in CSF protein in the serial taps when a comparison was made between the initial tap and all subsequent taps (mean differences 516, 516, 512, 514 and 508 mg dl -1 , respectively, all P ¼ 0.0001). Other CSF parameters (red blood cell count, glucose, proportion of lymphocytes and eosinophils) showed no significant changes in serial taps.
We further compared CSF parameters in the 10 culture-positive specimens and the 266 culture-negative specimens (Table 2) . There was wide variation in all CSF parameters in both groups. There were statistically significant differences in the percentage of neutrophils and ratio of CSF to serum glucose in the two groups. The cell counts did not differ significantly between groups while CSF protein tended to be higher in culture-positive specimens. AUC was greatest for CSF white blood cell (WBC) count at 0.82 (95% confidence interval (CI) 0.72 to 0.93). AUC was 0.79 (95% CI 0.68 to 0.90) for CSF protein and 0.75 (95% CI 0.56 to 0.95) for percentage of neutrophils. The AUC for all other parameters was <0.70. The sensitivity and specificity for diagnosis of infection for CSF WBC count of >42 mm -3 was 90% and 63%, for CSF protein at a cutoff of >250 mg dl -1 was 89% and 58%, and for CSF proportion of neutrophils >31.5% was 80% and 67%, respectively.
Discussion
Our data revealed a 9.6% incidence of culture-positive infection, which is consistent with a previous study. 13 Serial taps showed a decrease in CSF protein after 1 week and percentage of neutrophils after 3 weeks of the initial reservoir tap. In our comparison of CSF parameters in culture-positive and culture-negative specimens obtained from IVR, we found a considerable overlap with values beyond the 'conventional norms' even in the absence of infection. [16] [17] [18] The CSF WBC count that is most frequently used to diagnose infection before the culture results become available did not vary significantly between the two groups. However, we did find a significant increase in the percentage of CSF neutrophils and a decrease in the ratio of CSF and serum glucose in culturepositive specimens. CSF protein tended to be higher in culturepositive CSF specimens. The AUC was X0.75 for CSF protein, WBC count and proportion of neutrophils. Contrary to published norms for lumbar puncture for diagnosis of infection, we found sensitivities approaching 90% at a higher cut-off of CSF WBC count of >42 mm -3 and CSF protein >250 mg dl -1 in specimens from IVR. In the only previous study to evaluate CSF parameters in neonates with an intraventricular drainage device, Lenfestey et al.
14 found that, in the absence of infection, neonates with or without a drainage device had comparable CSF WBC counts. CSF red blood cell count, protein and eosinophil counts were significantly different between the two groups. Their study included infants with either shunt or reservoir in the intraventricular drainage device group; the mean birth weight of the study cohort as a whole was 2573 g with a mean gestational age of 35 weeks. Only the initial CSF tap was evaluated; the duration between insertion of intraventricular drainage device and collection of specimen was not specified and could have affected the results. In our study involving a more immature group of infants with PHVD, the mean CSF WBC count, protein and red blood cell count were considerably higher than those conventionally considered 'normal', even in the culture-negative specimens. These findings could be due to fresh or remote IVH or an inflammatory reaction secondary to insertion of reservoir itself. The decrease in CSF protein and neutrophils over sequential taps supports this possibility.
Lenfestey et al. further reported CSF WBC count >30 mm -3 to have a sensitivity of 60% and specificity of 75% in the diagnosis of infection. All CSF parameters except CSF WBC count had AUC <0.7. They concluded that the utility of CSF parameters in neonates with ventriculoperitoneal shunts or CSF reservoirs was limited with poor sensitivity and specificity. Another study from the same investigators involving neonates X34 weeks gestation showed that meningitis can occur in the presence of normal CSF WBC, protein and glucose levels. 19 Our results again reveal that CSF parameters overlapped considerably in the presence and absence of infection. However, higher cut-off values for CSF protein and WBC count, especially in combination with proportion of neutrophils and in taps a few weeks after initial IVR insertion may aid in the diagnosis of infection.
The diagnosis of central nervous system infection in neonates, especially preterm neonates remains fraught with uncertainty. The gold standard of CSF culture has limitations of reduced sensitivity, especially in the presence of prior administration of antibiotics. Concordance of blood and CSF culture has been reported in only 33 to 53% cases in previous studies. [19] [20] [21] Clinical signs of meningitis in neonates are notoriously unreliable. Newer biomarkers such as CSF IL-6 (ref. 22 ) and techniques such as bacterial PCR need urgent evaluation in the diagnosis of CSF infection. In particular, preterm infants with PHVD need an indwelling drainage device for prolonged periods and are at high risk for CSF infection. Considering the difficulties in diagnosing infection with reservoir taps, we speculate that additional lumbar puncture may be useful, if there is a strong suspicion of meningitis. Further, the CSF cultures from intraventricular drainage devices may be falsely negative in cases of non-communicating hydrocephalus. 23 The limitations of our study include its retrospective nature, small number of culture-positive specimens and the lack of data on empirical antibiotic use at the time of reservoir tap. We also acknowledge that in our study, all subjects are represented in the data multiple times and each subject may have had varying number of data points. However, the intent of our study was to compare CSF parameters in culture-positive and -negative specimens, so our unit of reference is the CSF specimen and not the subject. We treated data at each time point as independent of the other with the assumption that in culture-negative CSF specimens, the parameters should be normal and comparable and that the only reason for a deviation from normal range was an infection. To our knowledge, this is the first systematic evaluation of CSF parameters in a homogenous high-risk cohort of preterm infants with PHVD and IVR over several weeks. Our results suggest that CSF parameters, especially a few weeks after IVR insertion, in combination and at higher cut-off values may be useful to diagnose infection. Given the wide variation and alteration accompanying IVR insertion by itself, routine CSF testing from IVR may be unnecessary in the absence of clinical suspicion of infection. This in turn, may obviate unnecessary antibiotic administration in preterm infants with its inherent risks and cost.
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